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Complex network topologies represent the necessary 
substrate to support complex brain function. It is widely 
recognized that the topological features of cortical net- 
works are tightly linked to aspects of brain function by 
supporting which electrophysiological patterns can and 
cannot occur. 

In this work, we investigated the interplay between net- 
work topology and spontaneous dynamics within the fra- 
mework of neuronal avalanches and self-organized 
criticality (SOC) [1]. The main goal of this study is to sus- 
tain the hypothesis that the emergence of critical states, 
which in their turn would optimize functional properties 
in the cortex, is supported by specific complex network 
topologies. Experimental evidences showed that disso- 
ciated cortical assemblies coupled to Micro-Electrode 
Arrays (MEAs) can exhibit scale-free distributions of neu- 
ronal avalanches [2], a hallmark of SOC, thus demonstrat- 
ing that they preserve self-organization properties featured 
by in vjVo-formed cell assemblies [3]. However, the deter- 
minants of the emergence of different dynamical states 
(critical, subcritical or supercritical) remain unclear. Here, 
we adopted a reverse-engineering approach, by making 
use of an in silico neuronal network model reproducing 
the spiking and bursting activity of biological networks to 
explore the relationship between connectivity and 
dynamics. In our computational network model, connec- 
tivity is known a priori and thus it is possible to establish 
interdependencies between the avalanche distributions 
and the actual connectivity. Network topologies were 
designed following the canonical architectures of scale- 
free, random, and small-world graphs [4]. We simulated 
the spontaneous activity, by sweeping the most common 
parameters used to characterize these graphs, such as 
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clustering coefficient, connection density, synaptic weight 
distributions, etc. [5]. From the simulations, we found 
that: (i) random networks only showed super-critical 
dynamics in a physiologically relevant domain of activity 
parameters (e.g. firing rate); (ii) scale-free and small-world 
architectures may account for the variability observed in 
the experimental data and the transition from subcritical- 
ity to criticality is ruled by the degree of "small-worldness"; 
(iii) excitation and inhibition should be appropriately 
balanced to allow for criticality [6] . 

Acknowledgements 

The research leading to these results has received funding from the 
European Union's Seventh Eramework Programme (ICT-EET EP7/2007-2013, 
EET Young Explorers scheme) under grant agreement n° 284772 (BrainBow). 

Authors' details 

'Department of Informatics, Bioengineering, Robotics and Systems 
Engineering (DIBRIS), University of Genova, Genova, 16145, Italy. ^Department 
of Neuroscience and Brain Technologies - NTECH, Istituto Italiano di 
Tecnologia (IIT), 16163, Genova, Italy. 

Published: 21 July 2014 
References 

1. Beggs JM, Plenz D: Neuronal avalanches in neoccrtical circuits. ] Neurosci 
2003, 23:11167-11177. 

2. Pasquale V, IVlassobrio P, Bologna LL, Chiappalone M, Martinoia S: 
Self-organization and neuronal avalanches in networks of dissociated 
cortical neurons. Neuroscience 2008, 153:1354-1369. 

3. Petermann T, Thiagarajan TC, Lebedev MA, Nicolelis MA, Chlalvo DR, 
Plenz D: Spontaneous cortical activity in awake monkeys composed of 
neuronal avalanches. PNAS 2009, 106:15921-15926. 

4. Albert R, Barabasi A-L: Statistical mechanics of complex networks. Rev 
Mod Phys 2002 7447-97. 

5. Bullmore E Sporns 0: Complex brain networks: graph theoretical analysis 
of structural and functional systems. Nat Rev 2009, 10:186-198. 

6. Shew WL, Yang H, Yu S, Roy R, Plenz D: Information capacity and 
transmission are maximized in balanced cortical networks with neuronal 
avalanches. J Neurosci 201 1, 31:55-63. 


doi:l 0.1 1 86/1 471-2202-1 5-S1 -01 5 

Cite this article as: Massobrio ef al.: Criticality in cortical ensembles is 
supported by complex functional networks. BMC Neuroscience 2014 
15(Suppl 1):015. 


o 


Bion/led Central 


© 2014 Massobrio et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.Org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver 
(http://creativecommons.0rg/publicdomain/zero/l.O/) applies to the data made available in this article, unless otherwise stated. 


